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POWER SUPPLY UNIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a power-supply unit, 
and more particularly, to a power-supply unit which suppresses 
harmonic current and improves power-factor. 

2. Description of the Related Art 

[0002] In equipment receiving the supply of electric power 

from a commercial alternating current power supply, the power 
supply is required to suppress the generation of harmonic 
currents. Since a circuit having a harmonic current suppression 
function also includes a power-factor improvement function, the 
circuit is often called a power-factor improvement circuit as in 
a power-supply unit shown in Japanese Unexamined Patent 
Application Publication No. 2003-18842 (Patent Document 1) . 
[0003] In the equipment having a standby mode as in 

televisions, for example, it is also necessary to operate a 
waiting circuit (for example, a reception circuit for receiving 
only a power-supply upon receipt of a signal from a remote 
control system) during standby. However, it is very inefficient 
to operate the entire power-supply unit for a waiting circuit 
which consumes only a very small amount of electric power. In 
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particular, since a reduction in electric power loss during 
standby has recently been required, it is necessary to develop 
countermeasures . 

[0004] In a switching power-supply circuit as described in 

Patent Document 1, a main power-supply circuit which is not 
operated during standby and a secondary power-supply circuit 
which is operated to constantly supply a small amount of electric 
power, including during standby also, are provided, and both the 
main power-supply circuit and the secondary power-supply circuit 
are connected to an alternating current power supply. 
[0005] In the switching power-supply circuit described in 

Patent Document 1, since large harmonic current is generated in 
the main power-supply circuit having a large electric power 
supply capacity, even if the circuit structure becomes 
complicated, a harmonic current suppression circuit is provided 
therein, and, on the contrary, since small harmonic current is 
generated in the secondary power-supply circuit having a small 
electric power supply capacity, no harmonic current suppression 
circuit is provided therein. 

[0006] In equipment, such as televisions, there are cases in 

which a power supply having various output voltages is required, 
and there is the demand for a secondary power-supply circuit 
which can be used not only on standby, but also for other 
purposes during normal operation. Practically, necessary 
voltages on standby are often the voltages of + 5 V and + 3.3 V 
required for operation of simple digital circuits, for example, 
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the voltages of + 5 V and + 3.3 V can also be used for various 
other purposes. Therefore, a power-supply unit is designed so as 
to be fitted not for the amount of power consumption on standby, 
but for the amount of power consumption during normal operation. 
In this case, the secondary power-supply circuit is designed so 
as to have a substantial amount power supply capacity in reserve. 
[0007] However, in Patent Document 1, for example, the 
secondary power-supply circuit includes no harmonic current 
suppression circuit. Accordingly, when the amount of power 
supply in the secondary power-supply circuit increases, the 
amount of harmonic current generated also increases, and this 
increased harmonic current is not accounted for. 



SUMMARY OF THE INVENTION 
[0008] To overcome the above-described problems, preferred 
embodiments of the present invention provide a power-supply unit 
in which a main power-supply circuit having a harmonic current 
suppression circuit and a secondary power-supply circuit having 
no harmonic current suppression circuit are provided and, while 
electric power is supplied from the secondary power-supply 
circuit, harmonic current is suppressed and simultaneously the 
power factor is improved. 

[0009] A power-supply unit according to a preferred embodiment 
of the present invention includes a main power-supply circuit and 
a secondary power-supply circuit, both connected to an 
alternating current power supply, and an input current control 
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circuit provided in the main power-supply circuit. In the power- 
supply unit, the input current control circuit controls an input 
current to the main power-supply circuit such that harmonic 
current is suppressed in a current of the summation of the input 
current to the main power-supply circuit and an input current to 
the secondary power-supply circuit. 

[0010] A power-supply unit according to another preferred 
embodiment of the present invention includes a main power-supply 
circuit and a secondary power-supply circuit, both connected to 
an alternating current power supply, and an input current control 
circuit provided in the main power-supply circuit. In the power- 
supply unit, the input current control circuit controls an input 
current to the main power-supply circuit such that a current of 
the summation of the input current to the main power-supply 
circuit and an input current to the secondary power-supply 
circuit is substantially proportional to an input voltage to the 
input current control circuit. 

[0011] A power-supply unit according to another preferred 
embodiment of the present invention includes a main power-supply 
circuit and a secondary power-supply circuit, both connected to 
an alternating current power supply, an input current control 
circuit provided in the main power-supply circuit, and a circuit 
current detection element provided in the input current control 
circuit. In the power-supply unit, a current of the summation of 
an input current to the main power-supply circuit and an input 
current to the secondary power-supply circuit flows in the 
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circuit current detection element, and the input current control 
circuit controls the input current to the main power-supply 
circuit such that harmonic current is suppressed in the current 
flowing in the circuit current detection element. 
[0012] Furthermore, a power-supply unit according to another 
preferred embodiment of the present invention includes a main 
power-supply circuit and a secondary power-supply circuit, both 
connected to an alternating current power supply, an input 
current control circuit provided in the main power-supply circuit, 
and a circuit current detection element provided in the input 
current control circuit. In the power-supply unit, a current of 
the summation of an input current to the main power-supply 
circuit and an input current to the secondary power-supply 
circuit flows in the circuit current detection element, and the 
input current control circuit controls the input current to the 
main power-supply circuit such that the current flowing in the 
circuit current detection element is substantially proportional 
to an input voltage to the input current control circuit. 
[0013] A power-supply unit according to at least one preferred 
embodiment of the present invention preferably further includes a 
first rectifying circuit connected between the alternating 
current power supply and the input current control circuit, the 
first rectifying circuit provided in the main power-supply 
circuit, a second rectifying circuit connected to the alternating 
current power supply, the second rectifying circuit provided in 
the secondary power-supply circuit, and a smoothing circuit 



5 



connected to the second rectifying circuit, wherein the smoothing 
circuit is provided in the second power-supply circuit. Moreover, 
a power-supply unit according to at least one preferred 
embodiment of the present invention preferably further includes a 
switch connected between the alternating current power supply and 
the first rectifying circuit. 

[0014] A power-supply unit according to at least one preferred 
embodiment of the present invention preferably further includes a 
first rectifying circuit connected between the alternating 
current power supply and the input current control circuit, the 
first rectifying circuit provided in the main power-supply 
circuit, a reverse-current prevention diode connected to the 
output of the first rectifying circuit, the reverse-current 
prevention diode provided in the secondary power-supply circuit, 
and a smoothing circuit connected to the output of the reverse- 
current prevention diode, wherein the smoothing circuit is 
provided in the secondary power-supply circuit. 
[0015] Furthermore, in a power-supply unit according to a 
preferred embodiment of the present invention, the input current 
control circuit is a boost converter. Moreover, the boost 
converter includes an inductance element having one terminal 
connected to one output terminal of the first rectifying circuit, 
a diode connected between the other terminal of the inductance 
element and an output terminal of the main power-supply circuit, 
a switch element connected between the other terminal of the 
inductance element and the other output terminal of the first 
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rectifying circuit, and a smoothing capacitor connected between 
an output terminal of the main power-supply circuit and the other 
output terminal of the first rectifying circuit. 
[0016] In a power-supply unit according to a preferred 

embodiment of the present invention, the input current control 
circuit is a flyback converter. Moreover, the flyback converter 
includes a transformer in which one terminal of a primary winding 
is connected to one output terminal of the first rectifying 
circuit, a switch element connected between the other terminal of 
the primary winding and the other terminal of the first 
rectifying circuit, a diode connected between one terminal of a 
secondary winding of the transformer and an output terminal of 
the main power-supply circuit, and a smoothing capacitor 
connected between an output terminal of the main power-supply 
circuit and the other terminal of the secondary winding. 
[0017] In a power-supply unit according to preferred 

embodiments of the present invention, in addition to a main 
power-supply circuit having a circuit generally called a harmonic 
current suppression circuit or power-factor improvement circuit, 
a secondary power-supply circuit having no harmonic current 
suppression circuit or improvement circuit is provided. Moreover, 
although a load current is taken out from the secondary power- 
supply unit, an input current to the main power-supply circuit is 
controlled such that a current of the summation of the input 
current to the main power-supply circuit and an input current to 
the secondary power-supply circuit is substantially proportional 
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to an input voltage to an input current control circuit. Thus, 
in the power-supply unit, an input current is substantially a 
sine wave, and, as a result, the generation of harmonic current 
is suppressed and simultaneously the power factor is improved. 
[0018] Other features, elements, steps, characteristics and 
advantages of the present invention will become more apparent 
from the following detailed description of preferred embodiments 
of the present invention with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] Fig. 1 is a circuit diagram of a preferred embodiment 
of a power-supply unit of the present invention. 

[0020] Fig. 2 is a characteristic diagram showing a schematic 
waveform image of a voltage or current of each portion of the 
power-supply unit in Fig. 1, in which it is assumed that only a 
main power-supply circuit is contained in the power-supply unit. 
[0021] Fig. 3 is a characteristic diagram showing a schematic 
waveform image of a voltage or current of each portion of the 
power-supply unit in Fig. 1. 

[0022] Fig. 4 is a circuit diagram of another preferred 
embodiment of a power-supply unit of the present invention. 
[0023] Fig. 5 is a circuit diagram of still another preferred 
embodiment of a power-supply unit of the present invention. 
[0024] Figs. 6A and 6B are characteristic diagrams showing the 
relationship between an input voltage and an input current in the 
power-supply unit in Fig. 5. 
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[0025] Figs. 7A and 7B are characteristic diagrams showing the 
relationship between an input voltage and an input current in a 
related power-supply unit. 

[0026] Fig. 8 is a circuit diagram of another preferred 
embodiment of a power-supply unit of the present invention. 
[0027] Fig. 9 is a circuit diagram of another preferred 
embodiment of a power-supply unit of the present invention. 
[0028] Fig. 10 is a circuit diagram of another preferred 
embodiment of a power-supply unit of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Preferred Embodiment 1 

[0029] Fig. 1 is a circuit diagram of a preferred embodiment 
of a power-supply unit of the present invention. In Fig. 1, a 
power-supply unit 10 includes a main power-supply circuit 11 and 
a secondary power-supply circuit 14. The main power-supply unit 
11 is connected to an alternating current power supply AC through 
a switch SW. The secondary power-supply circuit 14 is directly 
connected to the alternating current power supply AC, but not 
through the switch SW. 

[0030] Moreover, when required, another power-supply circuit, 
such as a DC-DC converter, is connected on the output side of 
each of the main power-supply circuit 11 and the secondary power- 
supply circuit 11 so as to obtain a desired output voltage, 
although the description is omitted since it is not the point of 
the present invention. Moreover, each power-supply circuit may 
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be referred to as a main power-supply circuit and a secondary 
power-supply circuit. 

[0031] The switch SW is for turning on and off the main power- 
supply circuit 11. During standby, a current is supplied only to 
the secondary power-supply circuit such that the main power- 
supply circuit 11 is turned off, so as to reduce the power loss 
on standby. Moreover, although it is desirable to include the 
switch SW in the present preferred embodiment, the switch SW is 
not essential and the main power-supply circuit 11 may be 
directly connected to the alternating current power supply AC. 
[0032] First, assuming that the secondary power-supply circuit 
14 is not provided, the structure and operation of the main 
power-supply circuit 11 is described. The main power-supply 
circuit 11 includes a full-wave rectifier Dl as a first 
rectifying circuit, a noise rejection capacitor CI, and an input 
current control circuit 12. One input terminal of the full-wave 
rectifier Dl is connected to one terminal of the alternating 
current power supply AC through the switch SW and another input 
terminal is connected to the other terminal of the alternating 
current power supply AC. The two output terminals of the full- 
wave rectifier Dl are connected to the input current control 
circuit 12. The output of the input current control circuit 12 
defines the output of the main power-supply circuit 11. The 
noise rejection capacitor CI is connected between the two output 
terminals of the full-wave rectifier Dl . The capacitance of the 
capacitor CI is sufficiently small in comparison with what is 
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used as a smoothing capacitor in the 60-Hz alternating current 
power supply and practically does not have a function to smooth 
variations due to the frequency change of an alternating current 
power supply. 

[0033] The input current control circuit 12 is what is 
generally called a harmonic current control circuit or power- 
factor improvement circuit and includes an inductance element LI, 
a diode D2, a switch element Ql, a resistor Rl, a smoothing 
capacitor C2, and a control circuit 13. The input current 
control circuit 12 is basically a boost converter (step-up 
chopper circuit) . One terminal of the inductance element LI is 
connected to one input terminal of the full-wave rectifier Dl and 
the other terminal is connected to the anode of the diode D2 . 
The cathode of the diode D2 is connected to one output terminal 
of the main power-supply circuit 11. The other terminal of the 
inductance element LI, that is, the connection point to the diode 
D2 is connected to one terminal of the switch Ql . The other 
terminal of the switch Ql is connected to another output terminal 
of the main power-supply circuit 11 and simultaneously connected 
to the other output terminal of the full-wave rectifier Dl 
through the resistor Rl . Then, the smoothing capacitor C2 is 
connected between the cathode of the diode D2 and the other 
terminal of the switch Ql . 

[0034] In the input current control circuit 12, the switch Ql 

is controlled by the control circuit 13 to be turned on and off. 
The control circuit 13 is connected to one terminal (point a) of 
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the inductance element LI to detect the input voltage. 
Furthermore, the control circuit 13 is connected to both 
terminals (point b and point c from the side of the full-wave 
rectifier Dl) of the resistor Rl, and the electric potential at 
both terminals of the resistor Rl is detected and the amount of 
current flowing through the resistor Rl is detected on the basis 
of the difference between them. 

[0035] Moreover, the control circuit 13 is also connected to 
the cathode (point d) of the diode D2 to detect the output 
voltage of the input current control circuit 12. Such a control 
circuit 13 is a general control circuit and often seen as IC 
products for harmonic current control or power-factor improvement 
like UC1854 of Texas Instruments, Incorporated and ML4821 of 
Fairchild Corporation, for example. 

[0036] The operation of the power-supply unit 10 where it is 
assumed that only the main power-supply circuit is provided is 
described with reference to Fig. 2. Fig. 2 shows a schematic 
waveform image of a voltage or current of each portion of the 
power-supply unit 10 which are greatly simplified in comparison 
with their actual waveforms. 

[0037] In the main power-supply circuit 11, when the voltage 

of the alternating current power supply is a sine wave as shown 
by Vac in Fig. 2, since no smoothing capacitor is connected in 
the output of the full-wave rectifier Dl, a voltage which is 
full-wave rectified by the full-wave rectifier Dl and shown by Va 
in Fig. 2 is applied to the input current control circuit 12 
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substantially as it is. In the input current control circuit 12, 
switching of the switch element Ql is performed at a much higher 
frequency than the frequency of the alternating current power 
supply by the control circuit 13. When it is assumed that the 
frequency of the alternating current is 50 Hz or 60 Hz, the 
switching frequency of the switch element Ql is about 60 kHz, for 
example. In this way, a current corresponding to the voltage of 
one terminal of the inductance element LI flows into the 
inductance element LI at each time a switching operation is 
performed, and a step-up voltage is output to the cathode of the 
diode D2 and smoothed. In this case, the input current to the 
input current control circuit 12 macroscopically becomes a 
current corresponding to the absolute value of a sine wave which 
is substantially proportional to the input voltage Va as shown by 
la in Fig. 2. Therefore, the current flowing into the full-wave 
rectifier Dl, that is, the input current of the main power-supply 
circuit 11 becomes a sine wave current which is substantially 
proportional to the input voltage as shown by lac in Fig. 2. As 
a result, the generation of harmonic current is suppressed and at 
the same time the power factor is improved. 

[0038] Moreover, microscopically there are small up-and-down 
variations in the current value corresponding to the switching 
cycle of the switch element Ql . The up-and-down variations in 
the current value are more or less smoothed by the noise 
rejection capacitor CI, but not completely removed. 
[0039] Here, the operation of the control circuit 13 is 
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described in more detail. An oscillation circuit of about 60 kHz 
is provided in the control circuit 13 and the switch element Ql 
is turned on in synchronization with a signal output from the 
oscillation circuit. 

[0040] First, it is assumed that the switch element Ql is in 
the on state. At this time, a current flows through the 
inductance element LI and the switch element Ql and increases as 
time passes. The control circuit 13 detects the input voltage of 
the input current control circuit 12 and a current flowing in the 
resistor Rl . The current flowing in the resistor Rl is equal to 
the current flowing in the inductance element LI, and, since the 
current flowing in the inductance element LI is the input current 
to the main power-supply circuit 11, the control circuit 13 
detects the input current to the main power-supply circuit 11. 
Accordingly, the resistor Rl acts as a circuit current detection 
element of the present invention. 

[0041] Since the current flowing in the resistor Rl is equal 

to the current flowing in the inductance element LI, while the 
switch element Ql is turned on, the current flowing in the 
resistor Rl increases in accordance with the current flowing in 
the inductance element LI. When the current flowing in the 
resistor Rl reaches a value substantially proportional to the 
input voltage (hereinafter, the current is referred to as a set 
value), the control circuit 13 turns off the switch element Ql . 
[0042] Since the set value of current is proportional to the 

input voltage, the set value of current becomes low when the 



14 



input voltage is low, for example, and the set value of current 
also becomes high when the input voltage is high, depending on 
the phase of the voltage of the alternating current power supply. 
Furthermore, the set value increases and decreases depending on 
the output current of the main power-supply circuit 11. That is, 
when the output current is small (when the main power-supply 
circuit has a light load) , the set value becomes low, and, on the 
contrary, when the average value of the output current is large 
(the main power-supply circuit has a heavy load) , the set value 
becomes high in accordance therewith. The control is performed 
such that the control circuit 13 detects the output voltage of 
the input current control circuit 12 and the set value of current 
is increased and decreased so as to maintain the output voltage 
at a constant value. 

[0043] When the switch element Ql is turned off, the current 
flowing in the inductance element LI decreases and, in accordance 
therewith, the current flowing in the resistor Rll also decreases. 
Although the current flowing in the inductance element LI finally 
becomes zero when the current continues to flow, since the switch 
element Ql turns on at a fixed cycle, the switch element Ql is 
turned on by the control circuit 13 before the current actually 
becomes zero. When the switch element Ql is turned on, the 
current starts to flow in the inductance element LI and the 
resistor Rl once again, and the above-described operation is 
repeated. 

[0044] Moreover, in the above description, although a 
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continuous current type in which the current flowing in the 
inductance element LI does not become zero is assumed, a critical 
current type in which the current flowing in the inductance 
element LI becomes zero and, by triggering that, the switch 
element is turned on and the current starts to flow once again 
and a discontinuous current type in which, after the current has 
become zero, a period where the current is zero continues for a 
period of time and then, the switch is turned on and the current 
starts to flow once again may be considered and then, there is no 
difference in the practical operation concerning harmonic current 
control and power-factor improvement. Furthermore, these modes 
may be switched in accordance with the state of the load in the 
main power-supply circuit 11. 

[0045] In this way, when switching of the switching element Ql 
is performed by the control circuit 13, the input current to the 
input current control circuit 12 is substantially proportional to 
the input voltage. Since the input current to the input current 
control circuit 12 is a current from the alternating current 
power supply which is input to the full-wave rectifier Dl, the 
generation of harmonic current is suppressed. Furthermore, the 
power factor is improved. 

[0046] Next, the power-supply unit 10 in which the secondary 
power-supply circuit 14 is provided is described. The secondary 
power-supply circuit 14 includes a diode D3 as a second 
rectifying circuit of a half-wave rectification type and a 
capacitor C3 as a smoothing circuit. The anode of the diode D3 
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is connected to one terminal of the alternating current power 
supply AC and the cathode is connected to one output terminal of 
the secondary power-supply circuit 14. One terminal of the 
smoothing capacitor C3 is connected to the cathode of the diode 
D3 and the other terminal is connected to another output terminal 
of the secondary power-supply circuit 14. Although the other 
terminal of the capacitor C3 is also connected to the other 
terminal of the alternating current power supply AC according to 
a related art, the other terminal of the capacitor C3 is 
connected to the other terminal of the switch element Ql of the 
main power-supply circuit 11 in this preferred embodiment of the 
present invention. That is, the other terminal of the capacitor 
C3 is connected to the other terminal of the alternating current 
power supply AC through the resistor Rl and the full-wave 
rectifier Dl of the main power-supply circuit 11. 
[0047] Moreover, in the secondary power-supply circuit 14, 
when the above-described connection is performed, not only the 
diode D3 as a second rectifying circuit, but also a portion of 
the full-wave rectifier Dl of the main power-supply circuit 11 
function as a rectifying circuit of the secondary power-supply 
circuit 14. 

[0048] The operation of the power-supply unit 10 including the 
secondary power-supply circuit 14 is described with reference to 
Fig. 3. Similar to Fig. 2, Fig. 3 shows a schematic waveform 
image of a voltage or current of each portion of the power-supply 
unit 10, and these waveform images are greatly simplified as 
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compared to their actual waveforms. Furthermore, since the 
voltage waveforms shown by Vac and Va in Fig. 3 are the same as 
in Fig. 2, their description is omitted. 

[0049] The secondary power-supply circuit 14 includes the 
second rectifying circuit of a half-wave rectification type and 
the smoothing circuit, and does not include a circuit 
corresponding to a harmonic current suppressor circuit. 
Therefore, the current flowing into the secondary power-supply 
circuit 14 from the alternating current power supply AC is a half 
cycle in one cycle of an alternating current frequency and is 
also limited to the period in which the amplitude of the 
alternating current voltage is large, and subsequently, the 
flowing current becomes pulsed-shaped as shown by Id3 in Fig. 3. 
The larger the output current of the secondary power-supply 
circuit 14 is, the higher the height of the pulse is. 
[0050] However, a current returning to the side of the 
alternating current power supply AC from the secondary power- 
supply circuit 14 flows through the resistor Rl of the input 
current control circuit 12. That is, a current of the summation 
of the input current flowing to the main power-supply circuit 11 
and the input current flowing to the secondary power-supply 
circuit 14 from the alternating current power supply AC flows in 
the resistor Rl . Then, in the input current control circuit 12, 
switching of the switch element Ql is performed so that the 
current of the summation may become a value which is 
substantially proportional to the input voltage Va . Accordingly, 
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the summation of the current flowing to the main power-supply 
circuit 11 from the alternating current power supply AC and the 
current Id3 flowing to the secondary power-supply circuit 14 
becomes substantially proportional to the input voltage Va to the 
input current control circuit 12, and consequently, the 
generation of harmonic current is suppressed and the power factor 
is improved. 

[0051] Specifically, first, during a period in which there is 

no current flowing to the secondary power-supply circuit 14 from 
the alternating current power supply AC, the same waveform as in 
the case where the secondary power-supply circuit 14 does not 
exist is obtained. That is, the input current control circuit 12 
functions as a harmonic current suppression circuit for only the 
main power-supply circuit 11. 

[0052] Like the waveform la shown in Fig. 3, as a result, the 
input current control circuit 12 operates so that the current 
flowing to the main power-supply circuit 11 from the alternating 
current power supply AC may decrease only during a period in 
which there is a current flowing to the secondary power-supply 
circuit 14 from the alternating power current supply AC. In this 
case, the input current control circuit 12 does not function as a 
harmonic current suppression circuit for only the main power- 
supply circuit 11. In this way, the current of the summation of 
the input current to the main power-supply circuit 11 and the 
input current to the secondary power-supply circuit 14 becomes a 
current as an absolute value of a sine wave that is substantially 
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proportional to the input voltage Va. Accordingly, the current 
flowing to the power-supply unit 10 from the alternating current 
power supply AC becomes a sine wave current that is substantially 
proportional to the input voltage as shown by lac in Fig. 3. As 
a result, the generation of harmonic current is suppressed and 
simultaneously the power factor is improved. 

[0053] Moreover, like the waveform la shown in Fig. 3, when 
the input current to the main power-supply circuit 11 simply 
decreases, even if temporarily, the output current decreases. 
However, practically, the electric current value (set value) 
which is proportional to the input voltage defining a condition 
which makes the switch element Ql turn off in the input current 
control circuit 12 increases as a whole, the input current to the 
main power-supply circuit 11 during a period where there is no 
input current to the secondary power-supply circuit 14 increases, 
the total current flowing to the main power-supply circuit 11 
during one cycle of the alternating current power supply does not 
change, and accordingly, there is no situation in which the 
output current from the main power-supply circuit 11 becomes 
insufficient . 

Preferred Embodiment 2 

[0054] Fig. 4 is a circuit diagram of another preferred 
embodiment of a power-supply unit of the present invention. In 
Fig. 4, the same reference numerals are given for the same or 
equivalent portions as in Fig. 1 and the descriptions thereof are 
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omitted. 

[0055] In a power-supply unit 20 shown in Fig. 4, a diode D4 

is provided between the cathode of the diode D3 and the other 
terminal of the alternating current power supply AC such that the 
cathode of the diode D4 is connected to the cathode of the diode 
D3 . A second rectifying circuit of a full-wave rectification 
type includes the diode D3 and the diode D4, and a secondary 
power-supply circuit 21 includes the second rectifying circuit 
and the capacitor C3 . Moreover, the power-supply unit 20 is not 
different from the power-supply unit 10 shown in Fig. 1, except 
in that the second rectifying circuit provided in the secondary 
power-supply circuit 21 is of a full-wave rectification type. 
[0056] In the power-supply unit 20, a current flows to the 
second power-supply circuit 21 only when the amplitude of the 
input voltage is large in both of the two half cycles in one 
cycle of the frequency of the alternating current power supply. 
Then, similar to the power-supply unit 10, the value of the 
summation of the current flowing to the main power-supply circuit 
11 from the alternating current power supply AC and the current 
flowing to the secondary power-supply circuit 21 becomes 
substantially proportional to the input voltage to the input 
current control circuit 12. Therefore, an input current which is 
proportional to the voltage of the alternating current power 
supply AC flows to the power-supply unit 20, and, as a result, 
the generation of harmonic current is suppressed and the power 
factor is improved. 
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Preferred Embodiment 3 

[0057] Fig. 5 is a circuit diagram of another preferred 
embodiment of a power-supply unit of the present invention. In 
Fig. 5, the same reference numerals are given for the same or 
equivalent portions as in Fig. 1 and the descriptions thereof are 
omitted. 

[0058] In a power-supply unit 30 shown in Fig. 5, the main 

power-supply circuit 11 is directly connected to the alternating 
current power supply AC, not through a switch. Moreover, the 
anode of the diode D3 in the secondary power-supply circuit 14 is 
connected to one output terminal of the full-wave rectifier Dl . 
That is, in the secondary power-supply circuit 14, an output is 
obtained such that a pulsating voltage after full-wave 
rectification in the full-wave rectifier Dl passes through the 
diode D3 and is then smoothed by the capacitor C3. Although the 
circuit structure of the secondary power-supply circuit 14 is the 
same as that in the power-supply unit 10 shown in Fig. 1, the 
diode D3 does not function as a rectifier, but rather, functions 
as a reverse-current prevention diode for preventing a current in 
the reverse direction flowing to the full-wave rectifier Dl due 
to the voltage charge in the capacitor C3. 

[0059] In the power-supply unit 30, although a current flows 

to the second power-supply circuit 21 only when the amplitude of 
the input voltage is large in both of the two half cycles in one 
cycle of the frequency of the alternating current power supply, 
similar to the power-supply units 10 and 20, the current of the 
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summation of the input current flowing to the main power-supply 
circuit 11 from the alternating current power supply AC and the 
input current flowing to the secondary power-supply circuit 21 
becomes substantially proportional to the input voltage to the 
input current control circuit 12. Therefore, an input current 
which is substantially proportional to the voltage of the 
alternating current power supply AC flows to the power-supply 
unit 30, and, as a result, the generation of harmonic current is 
suppressed and the power factor is improved. 

[0060] In Figs. 6A and 6B, the relationship between an input 

voltage and an input current which has been measured in the 
power-supply unit 30 is shown by dividing them into the case 
where the main power-supply circuit 11 has a heavy load and the 
case where the main power-supply circuit 11 has a light load. 
The main power-supply circuit having a heavy load means that the 
load current is large and, in a related circuit, the ratio of the 
input current to the secondary power-supply circuit occupying in 
the whole input current is small and it is hard to generate 
harmonic current. On the contrary, the main power-supply circuit 
having a light load means that the load current is small and the 
ratio of the input current to the secondary power-supply circuit 
occupying in the whole current and it is relatively easy to 
generate harmonic current. Moreover, for comparison, in Figs. 7A 
and 7B, also in the case where the other end of the smoothing 
capacitor C3 in the secondary power-supply circuit 31 is 
connected to the other output terminal of the full-wave rectifier 
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Dl, the relationship between an input voltage and an input 
current is shown by dividing them into the case where the main 
power-supply circuit has a heavy load and the case where the main 
power-supply circuit has a light load. The circuit is basically 
the same as a circuit in which the secondary power-supply circuit 
is directly connected to the alternating current power supply and 
the rectifying circuit is a full-wave rectification type circuit 
and the circuit is assumed to operate in the same way as the 
related circuit. 

[0061] First, in the related circuit, when the main power- 
supply circuit has a heavy load, as shown in Fig. 7A, the input 
current of the switching power-supply circuit becomes a current 
waveform corresponding to a sine wave of the input voltage. The 
protruded portion at the top of the current waveform is caused by 
the input current to the secondary power-supply circuit. 
Moreover, the switching frequency of the switch element is about 
1,000 times the frequency of the alternating current power supply, 
and, since a component of the frequency is smoothed to some 
extent by the noise rejection capacitor, small up-and-down 
vibrations in the current waveform are suppressed and the 
vibrations are barely seen in the illustrated waveform. 
[0062] Then, when the load of the main power-supply circuit 
becomes light and the input current of the secondary power-supply 
circuit increases, as shown in Fig. 7B, the input current of the 
main power-supply circuit decreases and, as a result, the 
protruded portions at the top of the current waveform caused by 
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the input current of the secondary power-supply circuit are 
emphasized. In this case, in comparison with the case where the 
main power-supply circuit has a heavy load, it is understood that 
harmonic current increases and the power factor is deteriorated. 
[0063] On the other hand, in the case of the power-supply unit 
30, when the main power-supply circuit has a heavy load, as shown 
in Fig. 6A, the input current of the switching power-supply 
circuit becomes a current waveform corresponding to the sine wave 
of the input voltage. Although the protruded portions at the top 
of the current waveform is caused by the input current of the 
secondary power-supply circuit, as is understood by comparison 
with Fig. 6A, the protruded portions at the top of the current 
waveform caused by the input current of the secondary power- 
supply circuit are small. That is, even if the main power-supply 
circuit has a heavy load, it is understood that harmonic current 
is suppressed and the power factor is improved. 

[0064] Then, when the load of the main power-supply circuit 
becomes light and the input current of the secondary power-supply 
circuit relatively increases, as shown in Fig. 6B, the input 
current of the main power-supply circuit decreases and, as a 
result, the protruded portions at the top of the current waveform 
caused by the input current of the secondary power-supply circuit 
are increased. However, as is understood by comparison with Fig. 
7B, the protrusions at the top of the current waveform are small. 
That is, even if the load of the main power-supply circuit is 
light, it is understood that harmonic current is suppressed and 
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the power factor is improved. 

[0065] In this way, in the power-supply unit 30, it is 

understood that, in comparison with the related circuit, the 
generation of harmonic current is suppressed and the power factor 
is improved. 

[0066] Moreover, similar to the power-supply unit 30, in the 
power-supply unit 20 shown in Fig. 4, since the second rectifying 
circuit of the secondary power-supply circuit is a full-wave 
rectification type, although the illustration is omitted, the 
same results are obtained in the preferred embodiments. 
[0067] On the other hand, in the power-supply unit 10 shown in 
Fig. 1, the second rectifying circuit of the second power-supply 
circuit is preferably a half-wave rectification type circuit. An 
input current of the secondary power-supply circuit is generated 
every half cycle of the alternating current power supply, which 
is different from the power-supply unit 30. Therefore, although 
this illustration is also omitted, the half cycle of the 
alternating current has the same waveform as that in the power- 
supply unit 30 and, since the secondary power-supply circuit 
practically does not exist during the remaining half cycle, the 
current waveform becomes a sine wave which is substantially 
proportional to the voltage waveform. 

Preferred Embodiment 4 

[0068] Fig. 8 is a circuit diagram of another preferred 
embodiment of a power-supply unit of the present invention. In 
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Fig. 8, the same reference numerals are given for the same or 
equivalent portions as in Fig. 1 and the descriptions thereof are 
omitted. 

[0069] In a power-supply unit 40 shown in Fig. 8, a 

transformer Tl is provided instead of the inductive element LI in 
the power-supply unit 10 and the primary winding Nl is disposed 
at the location at which the inductance element LI was placed in 
the power-supply unit 10. Then, the diode D2 and the smoothing 
capacitor C2 in the power-supply unit 10 are connected to the 
secondary winding N2 of the transformer Tl to define a 
rectif ying-smoothing circuit on the secondary winding side. Also 
in this case, an input current control circuit 42 includes the 
transformer Tl, the switch element Ql, the resistor Rl, the diode 
D2, the smoothing capacitor C2, and the control circuit 13. In 
the input current control circuit 42, energy is stored in the 
transformer Tl when a current flows in the primary winding Nl and, 
when no current flows in the primary winding, a current flows in 
the secondary winding and the stored energy is released, which 
constitutes a flyback converter. Then, when the full-wave 
rectifier Dl as a first rectifying circuit and the noise 
rejection capacitor CI are added to that, the main power-supply 
circuit 41 is defined. 

[0070] Moreover, the control circuit 13 is also connected to 
point d, which is the cathode of the diode D2, to detect the 
output voltage. However, since both are located on the primary 
winding and secondary winding sides of the transformer Tl, 
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electrical insulation is required to connect them. 
[0071] Except for these features, the power-supply unit 40 is 
the same as the power-supply unit 10. Also in the structure of 
the secondary power-supply circuit 14, the other terminal of the 
capacitor C3 is connected to the other terminal of the 
alternating current power supply AC through the resistor Rl and 
the full-wave rectifier Dl of the main power-supply unit 41 such 
that the other terminal of the capacitor C3 is connected to the 
other terminal of the switch element Ql . 

[0072] The power-supply unit 40 is the same as the power- 
supply unit 10, except for that the input current control circuit 
42 is defined by a flyback converter. That is, if there is no 
secondary power-supply unit 14, the input current control circuit 
42 functions as a harmonic current suppression circuit of the 
main power-supply circuit 41 and the input current from the 
alternating current power supply is substantially a sine wave to 
suppress the generation of harmonic current. Furthermore, when 
there is the secondary power-supply circuit 14 and a current 
flows to the secondary power-supply circuit 14, the input current 
to the main power-supply circuit 41 is controlled so that the 
summation of the current flowing to the main power-supply circuit 
41 and the current flowing to the secondary power-supply circuit 
14 from the alternating current power supply are substantially a 
sine wave. As a result, the generation of harmonic current is 
suppressed and simultaneously the power factor is improved. 
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Preferred Embodiment 5 

[0073] Fig. 9 is a circuit diagram of another preferred 
embodiment of a power-supply unit of the present invention. In 
Fig. 9, the same reference numerals are given for the same or 
equivalent portions as in Fig. 1 and the descriptions thereof are 
omitted. 

[0074] In a power-supply unit 50 shown in Fig. 9, the main 

power-supply circuit 41 is directly connected to the alternating 
current power supply AC, not through a switch. Moreover, the 
anode of the diode D3 in the secondary power-supply circuitl4 is 
connected to one output terminal of the full-wave rectifier Dl . 
That is, the secondary power-supply circuit 14 is configured such 
that a voltage of the alternating current power supply which has 
been full-wave rectified by the full-wave rectifier Dl may be 
rectified by the second rectifying circuit including the diode D3 
and smoothed by the capacitor C3 . 

[0075] Also in the power-supply unit 50, although a current 
flows to the secondary power-supply circuit 14 only when the 
amplitude of the input voltage is large in both of the two half 
cycles of one cycle of the frequency of the alternating current 
power supply, a current of the summation of the current flowing 
to the main power-supply circuit 41 from the alternating current 
power supply AC and the current flowing to the secondary power- 
supply circuit 14 becomes substantially proportional to the input 
voltage to the input current control circuit 42 in a similar 
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manner as in the power-supply unit 40. Accordingly, a current 
that is substantially proportional to the voltage of the 
alternating current power supply AC flows to the power-supply 
unit 50, and, as a result, the generation of harmonic current is 
suppressed and the power factor is improved. 

Preferred Embodiment 6 

[0076] Fig. 10 is a circuit diagram of another preferred 
embodiment of a power-supply unit of the present invention. In 
Fig. 10, the same reference numerals are given for the same or 
eguivalent portions as in Fig. 1 and the descriptions thereof are 
omitted. 

[0077] In a power-supply unit 60 shown in Fig. 10, a control 
circuit 63, instead of the control circuit 13, in the power- 
supply unit 10 is included in an input current control circuit 62 
in a main power-supply circuit 61. In the control circuit 63, 
two input terminals are provided in addition to the structure of 
the control circuit 13. Except for this point, the main power- 
supply circuit 61 is the same as the main power-supply circuit 11 
of the power-supply unit 10. 

[0078] Furthermore, in the power-supply unit 60, the secondary 
power-supply circuit 64 is directly connected to the alternating 
current power supply AC. The secondary power-supply circuit 64 
includes a resistor R2 in addition to a second rectifying circuit 
including the diode D3 and the smoothing capacitor C3 . The 
resistor R2 is disposed between the other terminal of the 
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capacitor C3 and the other terminal of the alternating current 
power supply AC. Therefore, the same current as a current 
flowing through the diode D3, that is, the input current to the 
secondary power-supply circuit 64 flows through the resistor R2, 
and a voltage corresponding to the flowing current is obtained 
between both terminals (point e and point f ) . Then, the voltage 
between both terminals is connected to the two input terminals 
which have been added in the control circuit 63. 

[0079] As described above, the voltage between both terminals 
of the resistor R2 is input to the control circuit 63. Therefore, 
the control circuit 63 can detect the amount of an input current 
to the secondary power-supply circuit 64 from the alternating 
current power supply AC. Then, the control circuit 63 detects 
not only the current flowing through the resistor R21, but also 
the current flowing through the resistor R2, switching of the 
switch element Ql is controlled on the basis of the summation of 
both. Therefore, as a result, the same controlling is performed 
as in the control circuit 13 in the power-supply unit 10. 
[0080] In the present invention, the suppression of harmonic 

current and the improvement of power factor are achieved by 
detecting a current flowing to the secondary power-supply circuit 
somehow and by controlling a current of the main power-supply 
circuit on the basis of the added value of the current flowing to 
the secondary power-supply circuit and the current flowing to the 
main power-supply circuit. 

[0081] Moreover, in each of the above-described preferred 
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embodiments, although a resistor is preferably used as a circuit 
current detection element, another element, such as a current 
coil, for example, may be used. 

[0082] While preferred embodiments of the present invention 
have been described above, it is to be understood that variations 
and modifications will be apparent to those skilled in the art 
without departing the scope and spirit of the present invention. 
The scope of the present invention, therefore, is to be 
determined solely by the following claims. 
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